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VEELLHEAD CONVERSI ON SYSTEM AND METHOD CROSS REFERENCE

TO RELATED APPLI CATI ONS Thi s application clains
we@eotondzoge to U. S. Patent Application Serial NOPCT/US2010/026145

12/ 399, 050, filed March 6, 2009, which is incorporated

herein by reference. BACK D The present invention

o PR O RS ANy TR

systens for aligning a Christnmas tree with a tubing

hanger. Tubi ng hangers need a specific orientation

with resfeBOSSREFRERENCEHJA RIGCATED ARBLICATIONS

nuner oys. bores, . whi.ch requir ld it h .

cor r espotmgcistry Gt B Epl PORRChpPicalan Serigdto. 12399050,
filed Marthed)L0ON aVHivh istii@irordled hekdn BRYFereRcaachi eve

orientation of a Christmas tree relative to a tubing

hanger. The first uses a tubi ng spool assenbly, which

| atches to the well hea idgs | andi ng and

orientation features. ?ﬁggﬁﬁgﬁﬁémgﬁoo| IS very

expensiThe prsdeiddsvdndbghtelites toe sabveen akleliBéadc lorigptation, and more
_Additional ]y, the tubing spool is so heavy that very .
particplaglywisraettainggebodinents.40 fgthqds snd pystgnps fog Abiewing a Christmas tree with a

tubind hEQHENt 'y requires installation by expensive drilling
Ubnn%égg%fs. Furthernore, the drilling riser nust be

r enovedubng lempedsInebtha spatifingrepadbn witheresparo it theewéitistad because

of orienting . a Christmas.tree relative to a fubin .
they REIRJLPUTFOEY heres Rk Eug aleBpEvotith mré%?em(f_é?g poitigps §f respective
Chrisﬁrx?]a?,%‘eegy orvditfonRll) BOL K& LEOLRYS 8 aARAR Gentdiollof a Christmas tree

_Thi's method requires detail ed khow edge of the
relatiygetotai tobing hamer. Jhe ditstivgesor tibingt spoalcassemalelz) yhich datehids tathe wellhead

hydraul i cal |l v .act uated pin, which protrudes into the.
and ptI langing hd “Srigntasion Rptires| e ik S00QT s sRigexpStige and adds
height RetheUbicntdl Siaslgep. rAHUMIGHALY OBk, tuBing,spasl e Hedby fight very few work
hanger | ands, the helix engages the %graulic pi n and

class yesselatcan aastalhi, aubitiienisnibs reaings destallaian gy respensiye drilling vessels.

) . . BOP
Purtnetcly, T, APRE M G5 SO AP b B Bhe BT e and
t he ouflhetsetdmhgeshodwbf ofieming neChrist@adoiae Ielafive to a tubing hanger

) surveying_and nultiple trips to nake asurenents. . )
involves dhego a8 2r RIgHPHOPredPR e (BOE D WAHIE HBt Higorientation adapter

joint. gaﬂﬁé ?Hétﬁ&i %e%tﬁre@l @85ildd YRowlERES oft ML SpHBLNAIBORAWERSn order to

ignificant up front planning. Additionally, setting

accuratbly instek dolydrsileelle dctuatedeping Whivdaprogedesr iakd ther BOR stak bore. An
e RSP YA oAb el 5o gt i b
lands, 206 heRX ERSHRES ey drAicdRMvAnS bABMEL SR bores to a defined direction.
This method requires accurate drawings of the BOP stack elevations and spacing between the
main bore and the outlet flanges, which may require hours of surveying and multiple trips to
make measurements. Tremendous room for error exists with this method, particularly in older
rigs. Thus, this method requires significant up front planning. Additionally, setting the
lockdown sleeve in the wellhead generally requires a rig because the BOP must remain in place

as a reference point for orientation of the tubing hanger and corresponding lockdown sleeve.
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The present invention relates to subsea wel | head
orientation, and nore particularly, in certain
wepdodieent s, to nmet hods and systens for ali gnPEyUs2010/026145
Christmas tree with a tubing hanger. One enbodi nent of
t he present invention provi dgs a met hod of aligning a
Christrmas tree wwth a tubin er. The net hod
conprises the step of prcﬁlﬂ% wel | head with an
ori ent %‘ Og ngﬁ{ it Hoﬁ) u{eﬁgt Sl'hr)f ee?ngveﬁll'?eagp%ﬁ ntgtlgrﬂ and more
an inner’s ace. & far ther conprises the
particalaglp, mfcenmﬁ\andjoﬁgnéﬂmg téhiettpidsasd syseensfor akigrﬁﬂg 4 Chéistmas tree with a
. gui de tube having an orientation profile configured to
tubingshageb t he orientation key and guide the Christnas
tree i r Wolc At i h
wel | heat® FRORALIERE oP eIt Inichliah PR boetpd of aligning o
Chrisforas \tregi \mgh a thbiag danpers | Bevmethot vompniaes thg stpodf prevaling a wellhead
an i.nner surface, and a protuperance on an .outer

with &y prcqationokRy; o PR AU SEHECRRY: #h OBFERS AR 2BrinRHeSUfafRr The method
furthe? léBfr@ﬁ@es%e tstk%n&eﬂgtlobﬁl Ak WRethridiRad BeK QRMGﬁ & %Vﬁnﬁes tdbR having an

a desired orie ion relative to the well head.
orlentamrhp@ﬁﬂmcqﬂf@uradomngs%thp revienthiting ke end gbidaghé é?hgetmas tree into a

desir BB AR R R T e SRR BE D orprovicing
a locldidtngdlédle Wile aliHBi0poBNg6A ahMhRerdsudRsd, 8d Dpiotideddnc®dn an outer
relative to the | oc dovvn sl eeve. The met hod furt her

surfacgoppufigyeed teoongaget the opsaigonn the eléWF surfage exfgthgeveliicad when the

1ockdét%1rﬁ *Etléegg el Q%%&redTpﬁeﬁ%&o%lﬁ 0 t%{?ﬂh%;faes (}‘L‘%"h‘%&xod further

anger 0 engagene ock

compBises qyrevldfﬁ@ahmmﬁgd hinget dth £ anging :pe@ﬁlmw dhgoutéresurface configured to
Chri st nmas t{*ee into en_t%agerrent wi th the well| head and

engage fae Masing gar rthe on %@ﬁygcﬂngegwdep’;b@vqu@@g hanger into a desired
orlentﬁ’t)f(ﬁ{ Femnfvg ko el lg&d%gmaslegi}é | thgﬁ%tﬁd'dqﬁnﬁ\é&'téan‘?pﬁﬁ%ggmg the lockdown

The system conprises a well he
sleeveomt(E nn@gﬁmﬂnﬂ(wychdhe avellbedder Themicilowd fmthenrompesasngoving the tubing

nanse B S 856 L0 St OB BRRS chifrises moving
Christ@ias @/t atb @Hgég’éﬁlfehi &nﬁ o walfead aﬁd)th% REBIAE hAkRr.
orientation key and guide the Christmas tree into a

deS| r edngther pmboidonent epravides at systene forehligniagl a2 Thastmas tree with a
grmfurther co Fi ses :ﬁh ‘F“q wn sl eeve with
sur

tubingh; 1ses ofie ation ke & outer surface and
zc%naat“r%’ng o F finei L0n RSt Aot ARE

an op&iin@bn Ql:ihﬁtﬁer%dffﬁ@s: eTh‘@Ebfslt@lﬂ figthelr Qoﬁma@ethé i@nﬁml tRe@ attached to a
on the_ inner surface of the well head when the | ockdown

guide gybechavingsan prigntafias profilcosansigieed; torengegedhe welepigtipmkey and guide the
Chris l Lulgg 2o a-ﬁlaﬁre%yoﬂe%fgtloﬂr %lgﬁ{}e QAP Wefifichdt ﬁ%etsygélgq:urther comprises a

er wth a mti e on an outer surfac

lOde(lNDlﬂlfSle@WE edtit @ m&tg@gprotﬁﬂ‘@ ofrednl impepswfacepand atfretuberance on an outer
surfacls g&%?%\é\{égﬂog%\é%ggg%e c%e%?ngt gr? tilg k%lmrllgr Qu?‘?a%g ro tteowgllhead when the
lockdown sleeve is in a desired orientation relative to the wellhead. The system further
comprises the tubing hanger with a mating profile on an outer surface configured to engage the
mating profile of the lockdown sleeve and guide the tubing hanger into a desired orientation
relative to the lockdown sleeve.

The features and advantages of the present invention will be readily apparent to
those skilled in the art. While those skilled in the art may make numerous changes, such changes

are within the spirit of the invention.



10

15

20

25

30

relative to the | ockdown sleeve. The features and

advant ages of the present invention will be readily
wappanetro t o those skilled in the art. Wil e tPOBES2010/026145

skilled in the art may nake nunerous changes, such

changes are within the spiri t3 of the invention. BRI EF

DESCRI PTION OF THE DRAWNGS Figure 1 illustrates a

cross sect i oBRIEF-DESERIRTION QF i THHE RRAWINGS t nmas

tree with a tubing Iiner in accordance with certain

enbodi nents of the present invention. Figure 2

i1 UBfgtiRt ESIhdtrafed 9Scré@Ciec@éh 6f a 3ywel foealgnhiflg a Christmas tree with a

accordance with certain enbodi nents of the present .

i nvetbingrdineFinpgeardangd Wik eoripie emhodipests of gha presenpvgntion.

Chri iéﬂ%s ot {lﬁ}%trﬁtgs aef:%%sga&%ﬁoﬁm &h 20\%%1{1}?&&1? ”’%89&&5{3% Swith certain

of t pr ésent nvention. Figure ITTustrates a cross

sect ¢bodifnents o6 thedawsensineentidbni N accor dance with

certain emhodi nents of the present invention. Figure 5, )

i |1 uBiensg &dllustigies s crase spionott & Ghasiors efnerccoflance with certain

acco 3 | [ i ments of the present

o cnlBd il W e R RO, o T° TP DR NS

Ref eFiguregd iltuskags mecrdss seatiomus a dbckewh sslaway imssiosdance with certain
achi ev%(gg propﬁr al iS%nrr.ent of Christmas tree 110 on

wel | FRBRATRERES of the fresynt HERURAN sl eeve 113 and tubing
hangeipukl$ - i1ERfaL" 4 Ribst QebtidUHL a ZubitB | Hahg@dinldetofMce with certain
have orientation key 116 on outer surface 118 and

openémbpdi®ents of thepeesegumers®nl 22. Ori entation key 116
on outer surface 118 of well head 112 nay provide a
visual indication of the orientation of wellhead 112

on the i nstpgTALLED DESCRIPEIONTOROHE DRAWINGS nal e,
and protrude fromwell head 112 as illustrated, for

gr eat eRefGrENS9 Fighre hayasious slementsaniyyisisy inceshieyingagroper alignment
I i d; 4 i tih\, :
o AR 1) PESEURLR 170 4Tyl AERPAYS ltbing bnger 114
Refertlap en diigige O vidiibeqhi 12 endyahaveosrtbintdtion skey Qoénom gute? Qurface 118 and
.ma ave a fixed ition on wellhead 112 relati t.0
omnlﬁ%ﬁ%ﬂtoat%ﬁ cﬁ%? Qiaq_tanﬁapkewgg iR 1§ 96 wellhead 112
may Eﬁ)vﬁ‘&t aV VLR Endiddi®nPOPithd QWichfitibAOMN wellad®H@PPhE the installation.
ut not by way of limtation, opening 120 may radially
Orientdtiogrkeyi 116 wry detmaleoank pyotadle. fra@p ervalihgadl 202 mayllbsraged, for greater

s BELE P SONRE S0k Bt S50 A e e B et
orientBlont R&P €16 Kiak R FeinBlet d18 Mlix, depending on the particular conditions. Opening
120 may have a fixed position on wellhead 112 relative to orientation key 116, such that even
when opening 120 is not visible, its position is known. For example, but not by way of
limitation, opening 120 may radially align with orientation key 116. Opening 120 may be a
round hole, a square hole, a rectangular hole, a slot, or any other suitable opening, as will be
appreciated by those skilled in the art.

Referring now to Figure 3, guide tube 124 may attach to a lower end of Christmas
tree 110 in any number of ways, including, for example, a bolted connection. Guide tube 124
may have orientation profile 126 on inner surface 128. Orientation profile 126 may be
configured to engage orientation key 116 of wellhead 112 (not shown in Figure 3) and thereby
guide Christmas tree 110 into a desired orientation relative to wellhead 112. Orientation profile

126 may have a fixed position relative to the rest of Christmas tree 110, such that proper
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Referring now to Figure 3, guide tube 124 may attach
to a lower end of Christmas tree 110 in any nunber of
waweas/10donel udi ng, for exanple, a bolted conneck¢DNS2010/026145
Qui de tube 124 may have orientation profile 126 on
i nner surface 128. Orientati dn profile 126 may be
configured to engage orientation key 116 of well head
alignidr? (frmtenstiomrprofle Fi2guneeeSprignesulie mepsppgu alggnment of Christmas tree

ristmas tre 10 intp a.desired orientation relative
110. ERleqBHPREERIIS 120 Tt B BT RIBH B R PO edy WA Fehl € rectangular
hole, hist&doP @y LHRR siRARE iopenih®, ANWIl 88 tappleciatyd 5y MRSe tskBRd in the art.
110, such that properalignment of orientation profile
Alterrpgigelyeorsation pyofileslabmeay e palsplsvieg 3 pravsion gthen orientation key 116
is an f?ﬂ&%@rﬁé %ﬁie&%agr:@%i%eb%gﬁﬂeg tedd?fgle‘@;aggirﬂé&ﬁo go@taggh profile 126 is a
taperddetdtam@ubiRivhitdl Rientutish &by 106 naRYpasy. e stotich@bbeewider at a bottom end

opening, as W ll be appreciated by those skilled in
of guidp guber k24, whichrmat ey jor agnaigin ok e vidtearaligang saicigjiop key 116 and
| vi : . e . . _
the s Bhe RN BBy RRLHT R DU B0 PREQ Gl 70, HEh LB orientation
key lilblfitstiightlecheapti toptdt thoslqirwiidn €hfdi@fas drea 1ldpesr egagédin a desired
. through whjch orientatjon key 116 ss. The_.sl.qt
orientafagn b UEaR] | h Dot IGFATHAG RS Hi5esheps of gHAE febe 124 may
also al1BW Bt Lﬂm{r%iﬁ lof @rrifRHELS aﬁ’%niﬁé Gt WAIBRad®l | BNTRE, guide tube 124 may be
orientation key 116 and the slot. The slot may narrow
funnet-chaped vath aippdar podidn g @itans endignd peerrower pettioh cldsar to Christmas
; 1g}ientation key 116 fits tightly near a top of the
1€ 1s¥-0t when Christmas tree 110 is engaged in a desired

ori ent alRibwW §Bewe] 138ag fit Wdithih Rvelitlgid 1 DN Refekhi®s now to Figure 4,
tapered slot, the shape of guide tube 124 may al so

lockdawh sleer o 12 masrhgive podtulegranne AiReen ettpisirfage ubth Protuberance 132 may

wel | head, 112. Thu ' —r .
v SERIFE BT M 45, HRRIRE PP Byt
openiflfg ﬂ%g f(ﬁl\/\ﬁmlep@thﬂc@nlm| o eellheadChid Glotskown ée Figdre 4) when lockdown
ockdown sl eeve 113 may fit. within well head 112. )
sleeverd 3rip i THYY riodh properlyyereaged noe KissiiRf Srigwigldon 1 dnpggne embodiments,

multi@rgg)?otgﬁéﬁ&g? ['n%g%% rlr%é;’dz%l%rlgldg §6nfgﬂf'agc§)§g aolﬁﬂte with multiple openings. In

t uber ance e a sprin anti-rotation
some lempodmienss) ywo bratubrradyes and raspéeive mpepiegs inay e qdaratd] 8zed, or shaped
of engagi ng openi.ng .120 on.i nngr surface 122 of
such lgt) FBdoncL STERBHORHS PPN glie SHI™MlfoAT] BURGoMEle between two

protuberiR¥S makbe ah drgld ¥thethaRN8DE With ARG Grichtafiodl @ROWESE engagement
oritentation. In sonme enbodinents, nultiple

betwaen deckidewarsteese by ankwalleeidi Id 2v xliesnaiivelyn twe ar Boroprotybgrances may

neve b GRpRREL A 3k PG TR bR Soul Sonfiratios
of prothiFshce®inSaRREporNd o fRalps @Al WitBEthe kpieinbethiiAvémion.

possi bl e. For example, an offset angle between two
pr ot ubdn additien e prafebaipncanigleomewer surfasp 138olockgawn sleeve 113 may

ve PRSI LE0SPH8P UMY 00 ESRIBREAELIFRD, 16 ot st
Figurt W, O sotid empoditn¢hs] protegramy 132 may radially align with mating profile 136.
The Figures show mating profile 136 as a bolted attachment at a lower end of lockdown sleeve
113. However, those skilled in the art will appreciate other suitable configurations. Mating
profile 136 may have a fixed position on lockdown sleeve 113 relative to protuberance 132, such

that proper orientation of protuberance 132 necessarily results in proper orientation of the mating
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have different shapes that correspond to shapes of the
respecti ve openings. O her configurations of
weeavatraences and correspondi ng openi ngs fal | PeI/UKI0M0/026145
the spirit of this invention. In addition to
prot uberance 132 on outer suPface 134, |ockdown sl eeve
113 may have mating profile 136 on inner surface 138
profild aB6.erdaiingngrdfilbildg hanpera Hdik, (anlig, 8hoorbenanéd, guramy other profile
4).. 1n sone enbodi nent rotuberance 132 nmay radially
configyrgdfa mate Hithdrbing 'ha'ilgfrﬁﬂ‘é?% esitpfl QRGPS show mat i ng
profil @ef36n i a in@fprofile 140 on
I ockdO\%re} sl e%@%‘ﬁlt?%{.lélvﬁg\féf/deb?@%gémsdfkiﬁllaygl\gef ﬁeit%r%él% arirt
outer wirfdce 3 fecngigingtdebdown sleatd Bl 3dont shgwnan iFigise SVavlatigg profile 140

prafil 36_may have a fixed itiaon on.laockdo .
may it heli PEPRGS of 5 BEUBRI R cuTiuB Gl mating profile of
lockd W@ BREvVEOT 1 2B i a Rl tubhe huhes a6 & dedited 66885, | Bigure 1 illustrates
results in proper orientation of the matingprofile

mating 8@ file/h36 agp helof andematde prafilepkdOsadpg x Additioggly, anating profile 140 is
. r ot uber ange r_any fid L.aur tQ: :
s RS e SO 1AL 1, ST Bl ST e ar i
appredRetk &fthdrN@italsle/ coafifirgtiés. Sin thisdémbodimege bs Hedtubing lager 114 moves
) a nati%% profile 140 on outer surface 142 fog_eq?a iqﬂ

into lockdrupwieexs dblseth Jug enpggessthslislix sutieyides th) tubypg: aﬁger 4 to rotate
. p i . . . | i . i %H . t
o SIS SHGIRAPYIR ki B8 1%, ARSI 8 pR i pprcio
that thefhdliaaodkime e abie Hangenhth gnd the ludeouldberng Iheaipmm sleeve 113 with

. ..into a desired orientation. Figure 1 illustrates
similagggspiyy profile 136 as a helix and mating profile 140

as a | ygino ARl hi@P& b cefBhiddbdaiREits f 40 pkent invention, installing
illustrated as a bolted attachnment of tubing hanger

Christiriad . trédold em weHbeasl 3 k2 lih ealignmenheavity tubing hasgssr bl atay allow for

ot.her. sui tahle confi.qurations, ,ln this [ t .
ol Sty M gRP e orayeti bt o fie” SR BT g o Figure 1
wellhdddel 1RUa e MG afio pB&tibe bifsrelodkdivitisiseviend 3t Ubivbgkbvangeadiving vessel

114 to rotate into a desired orientation within

may lowigk deskownederse 1h13. immasdhead |1 2@nd Hoftreonpthefyise move lockdown
eGP G4 bRkl B DALl SRUS, B2 PRI 088 qeaoun o

113 issihidfe$itdd angagdnicht wikhi wigllHehé 1 b2t Bedsisothe oeiettation of opening 120 may be
emhodi nents of. the grgse t invention %nst al li n%%il ) )
knowirklptéyentorientasion koY dhOvhsmraipberscs b3 PRepgRv ARG 120, orientation

of pr%’é?i&rﬁﬂc@qgﬂ%a}]’& ERYwhl fe®itivEOlo BHERANBI kel 1 GNMENkeRfse, because

stmas tree 110 wth tubi ng hanger 114." Referring '
orientaifiai of tetifg grofide 136 welyl Hedadwhllatiny torpiogutienanse 332 thie emientation of

. befare. | ockd sl eeve.113. A workboat.or diving
mating Edlif llﬁ‘gw %OWBEE&BVW"S realBoR T 1o Vel | nead 112
and r Oq%b&gq{angémﬁm/\lrﬁ? mieEntoCkE@MWh SE8RVEI 31dndl tofité br otherwise
protuberance 132 engages opening 120 of we| | head 112,

move amtil inwting prefils| déven g Barigar d&4 iengages mydigemsefilewi30hon lockdown
sleeveﬁu.gzﬁg tv]\'/(])' %ﬁat%%cpargﬁﬁestllgg a%ai I%Btn%}; ﬁ{gxnocfaugeoﬁx%ir&ghajnégr 114 to move
into desired engagement with lockdown sleeve 113. Because the orientation of mating profile
136 may be known relative to orientation key 116, when mating profile 136 engages mating
profile 140 on tubing hanger 114, the orientation of mating profile 140 may be known relative to
orientation key 116. Thus, tubing hanger 114 may have a known orientation relative to wellhead

112.
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known relative to orientation key 116, when

pr ot uberance 132 engages opening 120, orientation of
weeavatraence 132 may be known rel ative to oriRCI/HS10001026145

key 116. Likew se, because orientation of mating

profile 136 may be known reléilve to protuberance 132,

the orientation of mating Lg@roflle 136 may be kngwn

rel at i Gawisenasriresrilfs with geidy e 124rmay rﬁ’@o‘ﬁafﬁ’é%weﬂli%dnldﬁ and rotate
or oth%ﬁe civ% &nﬁ@%ﬂﬁtléh ?)?(%ﬁﬁ 11%5 e%gg%e%g)ltr%% tlgfr‘-l] kg? hﬁ%"“ Gffentation key
116 adgegasativat progilg rlaﬁl ey ¥Bé caudeoChdsamas stfeteei/kﬂ 1d 3novEhmto desired

t mat i 136 d 140 .
engagRRBor h MEITS b e BES10ds PEETEHIAOLHE Jreet | 1 Ty be known
relatlégftgbﬁf\e@ﬂ%%t t?(ﬁlvﬁeyllll% XX%EQHGSSH&’R&I&{ ke%/nltl%tdn‘arih@t)rl%ﬁﬂlé}gproﬁle 126

be known relative to orientation key
engagt lte om/ﬂnatatwmd)ﬁ mgmgrhaﬁgetrd li:ﬁtfaydwga@w iativeitp Ghuadtinagtree 110. Thus,
140 on 4 orlenta Lon of ma
Chrisg e 1 e PR A e TSk TRREET b T BRLCRET BHCTRgypn it tubing
hanget 194, Thus, tubing hanger 114 may have a known
orientation relative to well head 112. Christmas tree
110, vm&ﬂomgluwdge& ebeorieptmtignykeypy &6, ome@l%ﬂ%eaﬂeqq@n profile 126,

o812 o OBRPIYT 3, B0 o1 B0 LB B e

orientafiéh @fi @Bingt haigePriak] |aﬂ0\113@ Chyistlentréal$e ohbé rofesly positioned.
tree 110 to nove into desired engagenent with wel | head
AlternptiyelyBewa ueie MR &r PEpRtEiqHKeHT 1 I%Emﬂmgmﬁa%(érorﬂmatwaypmﬁle 126,

protulpe?alb:%om n%t&l%fﬁ%{'%@ lgge%uﬁ(fe 1t g:#rgﬁlek?éyo 31"1Ia$7i Féé\’iﬁ)?gzlggﬁ@i such that

rientatr and ation pro
Chrisengage, 11i0hie aataneiically posidénedygropaglyh ainget oflib4 embvpdineents, orientation

k | at t 110.
oy 156 e SR NS SR, e TA0, TSy STV ELTRS n maing

"
profil® 1@(3 gxgayof?l Eér‘%aglﬁlgﬁ?ﬁ@n%@ gl{l/&l?ﬂ{ngCglggﬁll%n g@%%o KNSWBmatically positioned

propedyl entation profile 126, protuberance 132, mating

Cal cul RSB R st Tt dgeNgTedS g 1! Retihead 112, and

Chris@hdsQWenNd 0 @My 5 82 $n 4 HeEred bRich@tiBE withoREtht YiediDiok %kt@zﬁ%dus alignment
Alternatively, one or nore of orientation key 11

devicespe Riathgr, 1Rodifigptianst oft xa¥ingr wpingehangers, fnckdeise ﬁ&ﬁ&%& wellheads, and
Chrlsélfna% ttrg%t fnnyg alo ?{f ﬁ[rl 1§Pro@?&j rﬂ@]{léd‘ gf %&%ﬁﬂlhg 1éé)slljgayahgﬁment For

posI Ul one SucC ree

examplldl @ﬁlﬁhlbb@é {1)8 PO3 hbinanae dizpy i hangdrmasebe m‘s’(mﬁed into a standard bore
orientation key

(183, @mlaﬁlu %%W@thraé Ak acfﬁ?‘éﬁ Akiian: gr]llfg tlomf gllythe tubing hanger
oo 64 o T AL RIS et s o
be inﬁaﬂﬂe{zﬂnﬁhmml ﬂhy tplosg ﬂlangmfchndrmpmdb;a. passive orientation helix which uses the
weight of the production tubing to align the tubing hanger prior to landing. As noted above, the
lockdown sleeve may have a spring-loaded key, which may engage a slot in the bore of the
wellhead, and a fixed key on the outside of the wellhead may align and guide the Christmas tree
into the correct orientation so that all the Christmas tree stabs engage the tubing hanger bores
correctly. In some embodiments, the helix key in the tubing hanger, the spring-loaded key in the

lockdown sleeve, and the fixed key on the outside of the wellhead may all be aligned with one

another, allowing orientation to be verified visually from outside the subsea wellhead.
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Thus, alignment of tubing hanger 114, | ockdown sl eeve
113, well head 112, and Christmas tree 110 nay be set
WO po1&/1009%6 r ed orientation without the need forPCT/US2010/026145
extraneous al i gnnent devi ces. Rather, nodifications of
exi sting tubi ng hangers, | ocKdown sl eeves, wel | heads,
and Christmas trees may allow for an inproved nethod
of obt dhaicfayeathe peisemdnedntignnewell agentedioaatisiethegnds ppd advantages

.bor 13-1/ 2" nominal si,ze) . tubi.ng nger. b . .
mentSff a) PRl 1512656 e ars kP by iela. SR B giBoriyngns disclosed
abovewat lilh@adtid enlgC hd iéprasediefnvertbromag bt abddifiediindplactided in different

t ubi ng hanger throu%h bores and downhol e control |ines

but eqyfivaerapuers apparank ingiaseekilled An tescit baring [t heneihpf e teachings
.in r . .

ern, P4 AP LA BT LAY s respciv

parts Witheltclebarting obhe tspirdloff gie ihtntioub Foghdrarnge modimications are intended
|.andi ng. As noted above, the | ockdown sl eeve hayve . )

to be Hmatsd it theidstadls @1 RegstrugHpR pr dRiieneitgell ghoywig) feri hay ﬁeﬁlescnbed in the

claim??élg Ofg¢ fsriﬁ Rk BRad: (R Qhéa% %85 MB¥rARe ERBoditictdSsclosed above
of the wel %ead may align a gul de tﬂe Christmas tree

may bendlierédher modified and all entlavaratioss atchainsidéded tvithiChe Sop@mand spirit of

tree . stahs engage the t.ubi hanger . bores gorrectl.y. .
the pregeng 6‘??@“8%03‘?‘?@?1‘6%’, t%F H’é&‘ﬁn’é‘&w % ith Thé®tubi ‘f?&a if the claims, are
defind¥ANG&GH to tfasn SRE biBlotAREIEInKEDiht Bletlet thacH saausdse V8o, the terms in
and the fixed key on the outside of the well head may

the claiinis lpee dhdigpletn, widiharg mecaaingt undess ofherwise syplotiile andiclearly defined by

otbe verified visually fromoutside the subsea

“head. Therefore, the present invention is well

adapted to attain the ends and advantages nenti oned as
wel |l as those that are inherent therein. The
particul ar enbodi nents di scl osed above are
illustrative only, as the present invention nmay be
nodi fied and practiced in different but equival ent
manners apparent to those skilled in the art having
the benefit of the teachings herein. For exanple, nmany
of the features could be noved to different |ocations
on respective parts without departing fromthe spirit
of the invention. Furthernore, no limtations are
intended to be limted to the details of construction
or design herein shown, other than as described in the
clainms below It is therefore evident that the
particular illustrative enbodi nents discl osed above
may be altered or nodified and all such variations are
considered within the scope and spirit of the present

i nvention. Mreover, the indefinite articles "a" or
"an", as used in the clains, are defined herein to
mean one or nore than one of the elenent that it
i ntroduces. Also, the terns in the clainms have their
pl ain, ordinary neani ng unl ess otherw se explicitly
and clearly defined by the patentee. \Wat is clained
is: 1. Anethod of aligning a Christnas tree with a
t ubi ng hanger, conpri sing:

the p



providing a well head with an orientation key on an
outer surface and an openi ng on an inner surface;
w@eavitekong the Christnmas tree attached to a guPdEUS20D&026145
having an orientation profile configured to engage the
orientation key and gui de thé Christnas tree into a
desired orientation relative to the well head,
What jiy deindidng; a Iockdovvn sI eeve with a mating profile on

n'ne surfac a proiu € on an outer
]If‘oég%tra&@ﬂ‘f“lg & Ipﬁs té?f‘g‘é{gfé ?'ﬁ n% ERChGOBRIERE: i nner

sur f acgr@fidihpa walhehe agthvestidnbioh ek davih Gli@axefabSandlan opening

a desired orirentation relative to the well head; ’

provi di ng t lee andiyiengutiansger with a mating pr ofile on
an outer surface configured to engage the mating
profi | ereofiding dlel @mksﬂmamtrsd stachedtoch gudejtubt thevinglan wgientation profile

|h g(r:] E 3 {)W:q ng f)gg ur &dﬁ{%ralgfﬁ te%)tgllgggd gqt' gl\ég gUIgF] %Ibe Christmas tree into

engagement \andesirédhﬁnéﬁeddoh@aammvth@@enh&dt ubi ng hanger
into engagenent with the | ockdown sleeve; and noving

the Ch@k (gﬁgg {%)%Eddvpﬁ QULRIIGHE atl oé}ofiféeoﬂ\@hllﬁﬁédsurface and a

and th anger The met aligning a
Chri st mas t pesubdrétvesont aubmutg fvafage cordfgucetdanomngage the opening on the
wherein the. ori entatlgpglprof

d sl
The met hod &L SPHRTG techr] féeflﬁiré’gheflrtb kt%ﬂwg s?cmyle iy in @ desired

hanger of clogfadon WIANRIH thehReltiéhgie tube is
funnel -shaped. 4. The nethod of aligning a Christnmas

L; gte ub g}(u’ 1&11{3 el nglwgér \gfﬂa Q dﬁf&ﬁﬁpmﬂﬁ%ﬁ%ﬂ‘ ot surface configured

rance"1s a sprin e net hod
al i gning a @nengtgrakse tﬂaﬁeg pidfte af thﬁdocigidwn@wecﬁfnd gulde the tubing

claim1, wh elnthe ettlon

ori ent at i on "B e 8 I‘eéltat’é’n r%‘é‘“ﬁ@?ﬁ%ﬁ‘) ggown Weeve;
aligning a Christmas tree wi th a tubing hanger_ of

cl ai m mOVethe .mkfiﬂ@nﬁkﬁp‘%gﬁ(p?laﬁagﬁl@e@fmﬂh@ V&%ﬁb&%ﬂm

sleeve is at a |ower end of the | ockdown sl eeve.

The nemiwdngthe Mihigghangeninth ﬁm@gﬁmgnttw%thmlwdam@&ﬁeﬁ@ and
hanger of claiml1l, wherein the mating profile of the

| ockdowm il éheeChesteab dtdeeiiiaengagement with thkevelbskdend the tubing
sl eeve. 8. The rrethod of aligning a Christmas tree with

a tubing haﬂ?@‘é% of claiml, wherein the mating

2. The method of aligning a Christmas tree with a tubing hanger of claim 1, wherein the
orientation profile is a tapered slot.

3. The method of aligning a Christmas tree with a tubing hanger of claim 1, wherein the guide
tube is funnel-shaped.

4. The method of aligning a Christmas tree with a tubing hanger of claim 1, wherein the
protuberance is a spring-loaded key.

5. The method of aligning a Christmas tree with a tubing hanger of claim 1, wherein the
orientation key is male and the orientation profile is female.

6. The method of aligning a Christmas tree with a tubing hanger of claim 1, wherein the mating
profile of the lockdown sleeve is at a lower end of the lockdown sleeve.

7. The method of aligning a Christmas tree with a tubing hanger of claim 1, wherein the mating

profile of the lockdown sleeve is a bolted attachment to the lockdown sleeve.
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8.

9.

10.

11.

12.

13.

14.

15.

16.

profile of the | ockdown sleeve is a helix and the
mating profile of the tubing hanger is a lug. 9. A

W@ EDAM2ad i gning a Christmas tree with a tubi NRCTHSZPE6/026145
conprising: a wellhead with an orientation key on an
outer surface and an opening %n an inner surface; the
Christmas tree attached to a gui de tube having an

Thermethod of aligningd Cheistows ftieg withor tubingrigagr of kekaim 1, wherein the mating

orj entati on, key .and .gui the.Christmas..tr i.nt.o .
oriileaRF PRt P i e bafing Ma R Rk o e iRe Ranger is a lug.
Alspa&e aViBnis b aavRiswhidtrét WHl b il Pdrige€ cOmpafingnner

surface, and a protuberance on an outer surface ) )

conf i garmedihedd withagerientatiop key eiganAutehurfaspand sy ppepdeg on an inner

of the well when the | ockdown sleeve is in a

desired ori éntation relative to the well head; and the

t ubi ng ;hanger with a nmatjn rofil. an outer . .

sur f ac G SAFPGHRe T e a0 heetidk it JPERE an cirispggion profile
| ockdown sl @%ﬁg@é@t&éﬂgﬁ%@ tR@rickitins kBRBILEuide {1 @hristmas tree into
desired orientation relative to the | ockdown sl eeve.

10. The sysedgsifasrorigniagionmelabvedeorthewelbeadi ee with a

tubi ng hanger of claim9, wherein the orientation

profi | e lockdawnagbeeve dvitl @imatibg .prdfile omyesit ione:f swrfaed,iagdiangrotuberance

a Christmas tree wth t ubi nger of . claim?9, .

Sherel i ¢ heof st nefraconif 0 Ak hg sPedfhgon the inner surface
system for aFitBivigihdadoWHes t B ob KR NWs1bEedist 1D NMdsired orientation
hanger of claim9, wherein the protuberance is a

spri ng- | oadeglatiesyto theawelthpadsgsk em for al i gning a

Christmas tree with a tubing hanger of claim?9,

wher ei thet tabingriiapperavitioa rkaingi wofikel e mnoutehsirface configured to engage

orientation profile is,femle.. 14. The systemfor . .

aligning a gﬁ‘?@?%(’?‘}e&{{% f%ki?% BiERY %@r\%@e tg‘f’ tubing hanger into

claim9, whgrggiifed difniiiohRelafivdlol the1Rkdd e sledrkdown

sleeve is at a lower end of the | ockdown sl eeve. 15.

i gy Gt STuPBR Han8& W didim®, Wietdi9 th

Tl}?;ﬁatg%s% mé%rg{l%nglghgl\%ﬁgget%ﬁ theﬂmati nga'[ngr of iCI emg%’ the1 ©
orlentatido\profdt eeavpersd alabol t ed attachnent to the | ockdown

sl eeve. . 16. The stem for alignping.,a Christnas, tree. .
Thg; SR R AR a ROETRS e AV K @ UORRIRORR QlielA Py RGTein the guide
tubd Bffihe1Qhagelle | ockdown sl eeve is a helix and the

mat i ng Frofil_e of the tubing hanger is a |ug. )
The system for aligning a Christmas tree with a tubing hanger of claim 9, wherein the

protuberance is a spring-loaded key.

The system for aligning a Christmas tree with a tubing hanger of claim 9, wherein the
orientation key is male and the orientation profile is female.

The system for aligning a Christmas tree with a tubing hanger of claim 9, wherein the mating
profile of the lockdown sleeve is at a lower end of the lockdown sleeve.

The system for aligning a Christmas tree with a tubing hanger of claim 9, wherein the mating
profile of the lockdown sleeve is a bolted attachment to the lockdown sleeve.

The system for aligning a Christmas tree with a tubing hanger of claim 9, wherein the mating

profile of the lockdown sleeve is a helix and the mating profile of the tubing hanger is a lug.



